Summary: Amino acid esters and primary amines yield diastereoisomeric methylphosphonic diamides 5 upon reaction with MePSCl,. The enantiomeric excess of amino acid esters and amines is easily determined by measurement of the ratio of diastereoisomers of 5 by 31P NMR spectroscopy.
Sir:
We recently developed a facile method for enantiomeric excess (ee) determinations of alcohols'" and thiols.lb The principle is a coupling reaction of chiral alcohols or thiols 1 with an achiral phosphorus reagent to afford diastereoisomeric phosphonates 2 (eq 1). PC1, is used for alcohols and MePOCl, for both alcohols and thiols. The enantiomeric purities of the alcohols or thiols 1 are easily determined by 31P NMR measurement of the ratio of diastereoisomers of 2. The increasing use of amino acids,2 either natural or synthetically obtained, in asymmetric syntheses made the extension of our 31P NMR method for fast and accurate ee determination of these and amines derived therefrom a major goal of our research. Extensive investigations3 showed, however, that neither phosphorus trichloride nor alkylphosphonic dichloride is a satisfactory reagent for this purpose.
We now report a completely effective method for the ee determination of amino acids and primary amines based on the principles described above. Alkylphosphonothioic dichlorides are well-suited for the coupling reaction of primary amines. Thus, methylphosphonothioic dichloride (3)* in the presence of 2 equiv of triethylamine reacts quantitatively in 10 min at -20 "C with 2 equiv of (R,-S)-allylglycine methyl ester (4) to afford diastereoisomeric methylphosphonothioic diamides 5 (eq 2).5 The 31P NMR spectrum of 5 shows three well-separated singlets for the racemate (RR + SS) and two meso (RS meso', RS meso2) diastereoisomers with a mesoldl ratio of 49:51 (Figure 1 ).6 The ratio of these singlets is directly related to the enantiomeric excess of the amino acid ester^.^ For 96.6% enantiomerically pure 5 (as determined by optical rotation) the two meso peaks could just be observed; an ee of 97 % was calculated from the integration. Although MePSCl, has to be used at -20 "C to avoid byproduct formation whereas commercially avilable C6H5P-SCl, can be used at room temperature, we prefer the former for this ee determination because it gives superior chemical shift differences for the diastereoisomers (see The enantiomeric purity @) was calculated from the integrated peak area's Q and Q of the d,l isomer and the meso isomers, respectively (with dllmeso ratio K = Q / Q ) using Horeau's* formula, p 2 = ( K -l)/(K t 1). Table I , entries 9, 10). This observation is in agreement with previous observations with alkylphosphonateslb for which the largest chemical shift differences between diastereoisomers were obtained with the smallest alkyl substituents. Several ee determinations were performed on partially enriched amino acid esters and primary amines with this new method. Some of the data are summarized in Table   I1 together with eels determined by weight and by rotation.
These results show that the enantiomeric purities obtained via the different methods are in good agreement and that no racemization occurs during phosphonic diamide formation. The scope of this 31P NMR method encompasses various types of amino acids esters and primary amines as summarized in Table I . The results show that wellseparated signals are observed for the diastereoisomeric methylphosphonothioic diamides, that accurate integration is possible (except for entries 4, 11),14 and that mesoldl ratios are in accord with those expected for racemic compounds. Chemical shift differences are comparable with those obtained using chiral phospholidine derivatizing agents, e.g., A6 0.175 and 0.628 ppm for a-phenylethylamine and sec-butylamine, respectively, using Johnson's reagent.'O For a-phenylethylamine A6 0.24 (lq NMR) and 0.06 ppm ( ' H NMR) were found by using Mosher's reagent.'l With our method, A6 1.62, 1.34 ppm for a-phenylethylamine and 0.25, 0.25 ppm for sec-butylamine were 
